SUMMARY The localisation of alkaline phosphatase in human large intestine was investigated at the ultrastructural level. Alkaline phosphatase was found in the mature absorptive cells of the surface, upper, and middle crypt epithelium; the reaction product was localised in the glycocalyx coat of the microvilli, the Golgi apparatus, and the rough endoplasmic reticulum. Slight activity was found in the immature absorptive cells ofthe middle and lower regions ofthe crypts. The undifferentiated cells and the enterochromaffin cells were negative. In the lamina propria, alkaline phosphatase was localised in the plasma membrane of the endothelial cells of the venules, in the rough endoplasmic reticulum of the plasma cells, and the cell membrane of macrophages. These results are consistent with the role of alkaline phosphatase in membrane transport.
Alkaline phosphatase (orthophosphoric monoester phosphohydrolase, E.C. 3.1.3.1.) is the collective name for a heterogeneous group of enzymes that catalyse the cleavage of orthophosphate from monophosphate esters at alkaline pH. Alkaline phosphatase activity has been identified in a wide range of human tissues including bone, liver, placenta, small intestine, and kidney. It has also been demonstrated in large intestine using starch gel electrophoresis' and by light microscopy using low temperature plastic embedding.2 Activity appeared to be localised on the surface of the absorptive cells in the upper crypts and on the luminal surface, in some lamina propria cells, and on the luminal surface of some blood vessels.
The present ultracellular study was undertaken to examine the intracellular localisation of the enzyme in order to obtain some understanding ot its role in the metabolic processes of the colon.
Methods

MATERIAL
The material consisted of partially resected human colons removed for carcinomata. Because the colonic alkaline phosphatase is heat labile, the most reliable method of demonstration of the enzyme at *Present address: Prince of Songkla University, Songkla, Thailand.
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Received for publication: 20 July 1981 the light microscope level was found to be by freezedrying unfixed tissue, and subsequent low temperature plastic embedding.2 It is not possible to examine unfixed material at the ultrastructural level. During the present study the tissues were maintained at 4°C except during incubation. Blocks of tissue were taken from macroscopically normal areas at least 10 cm from the tumour and fixed for 1 '/2 hours in 4% paraformaldehyde in 3% distilled glutaraldehyde in 0.2 M cacodylate buffer pH 7.2 at 4°C. The Gomori calcium cobalt method3 and the method of Hugon and Borgers4 were used to visualise the enzyme. Control sections were incubated in a substrate-free medium. After incubation the tissues were post-fixed in osmium, dehydrated, and embedded in epon. Thin sections were cut with a glass knife on an LKB ultramicrotome and viewed in a Zeiss EM9S electron microscope. Sections were stained with lead citrate and uranyl acetate.
Results
LOCALISATION OF ALKALINE PHOSPHATASE IN COLONIC EPITHELIAL CELLS
Alkaline phosphatase was localised mainly in the intermicrovillous glycocalyx of the mature absorptive cells (Fig. 1 ) both on the luminal surface and in the upper and middle portions ofthe colonic crypts. Some activity was also observed in the apical glycocalyx. The Golgi was also positive. The lateral cell membranes of both mature absorptive and goblet cells showed some activity but this was not a 134
Ultrastructural localisation of alkaline phosphatase in adult human large intestine consistent result. Control sections gave negative results.
In the lower and middle crypts the intermediate cells displayed enzyme activity on the microvillous borders and occasionally in the Golgi apparatus lysosomes and lateral cell membranes. No enzyme activity was detected in the immature goblet cells. Fig. 1 Microvilli of mature absorptive cells on luminal surface. Alkaline phosphatase reaction products are localised in the intervillous glycocalyx. Some enzyme activity is seen in the apical glycocalyx. Gomori, X24000 (original magnification). In the lower crypt, the immature absorptive cells displayed alkaline phosphatase activity on the Golgi apparatus, free ribosomes, secretory granules, lysosomes, and the lateral membranes (Fig. 2) In the plasma cells of the lamina propria, the rough endoplasmic reticulum displayed a positive reaction, as did the cell membrane of macrophages.
Activity in the post-capillary venules was localised on the cell membranes of the endothelium. Micropinocytotic vesicles at the cell surface also showed enzyme activity.
Discussion
It is generally believed that absorption of water and production of mucus are the functions of the large intestine.5 One must therefore question the role of alkaline phosphatase in the colon.
Most investigators believe that membrane localisation of an enzyme involves that enzyme in active transport.678 9 Haussler and colleagues'0 working with rachitic chickens obtained significant-increase in both intestinal calcium absorption and intestinal alkaline phosphatase activity after a single physiological dose of vitamin D3. Kowarski and Schachter" confirmed that vitamin D increases alkaline phosphatase in the brush border. Also Stumpf and co-workers'2 found in rats that vitamin D3-dependent calcium and phosphate absorption occurred in all segments of the intestinal tract including the colon. By using tritium-labelled 1, 25-dihydroxy-vitamin D3 they showed that the target cells for vitamin D3 in the intestine were the absorptive cells ofthe small intestine and the colon.
It seems possible, therefore, that, in addition to absorption of water, some absorption of vitamin D3-dependent calcium and phosphate may occur in the human colon and that this involves alkaline phosphatase. A similar role can be assumed for the alkaline phosphatase demonstrated in the walls of the post-capillary venules in the lamina propria.
Glutaraldehyde is the universal fixative for ultrastructural studies; however, any fixative inhibits enzyme activity. Glutaraldehyde-containing solutions are more inhibitory than formaldehyde alone but the latter is an inadequate fixative at the ultrastructural level; thus a certain inhibition of the enzyme is inevitable. The inhibitor effects of fixation could therefore result in some low activity sites not being detected. Demonstration of these awaits more refined techniques.
Fishman and colleagues'3 found that, in fasting patients, alkaline phosphatase was localised on the microvillous border of the small intestine but, after infusion of the intestine for two hours with long chain fatty acids, activity was located mainly in the lamina propria. In the present study, as tissue was removed at operation from fasting patients, it is interesting to speculate whether during absorption a change in activity site would also occur in the large intestine, possibly revealing the absorption pathway. 
